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Figure 1. PWM Controller- part of the automated complex for research 
tensoresistive properties of nanostructured film  
 
Thus, results of modernization are: increased smoothness of movement and 
accuracy of positioning movable parts of magneto-deformation complex with error 
of less than 0.1 mm, decreased rpm speed and inertia of electric motor with saved 
capacity value thanks to the signal-pause sequence duration provided by PWM. 
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Today, the rapid development of the industry uses new materials for cutting 
tools. Besides the production of new types of solid high-speed steel and alloys, 
focuses on strengthening and surface protection products different surfaces. One of 
the main trends in this area is to develop wear-resistant coatings and their 
application to cutting tools [1], watches with PVD-coated, glasses with gold frames 
and others. This is made possible by the application as coating materials based on 
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Ti and Zr, Mo and Cr on the use of technology in active gas mixture of nitrogen N 
[2]. 
Varieties of wear-resistant coatings, which are of great interest for 
engineering, electronics and microelectronics coverage from MoN/CrN, TiN/ZrN. 
The widespread use of a hard wear-resistant coatings on steel machine parts, 
including compressor, for cutting tools, diffusion barriers in electronics, decorative 
and corrosion-resistant coatings and others due to the fact that they have high 
Tribotechnical properties: hardness, wear resistance, modulus of elasticity and the 
physical and mechanical properties: high melting point, chemical inertness, 
thermodynamic stability [3]. 
Surface СrN have high temperature stability and a low coefficient of 
friction. Adding Mo in the coating during deposition of metallic nature promotes 
communication within the single-phase cubic Mo-Cr-N coating, resulting in 
improved ductility [4]. In coating TiN and ZrN similar properties such as high 
melting point (TiN - 2950 оС, ZrN - 2982 оС), good chemical and thermal stability, 
and high hardness [5]. 
There are many methods of applying multilayer coatings TiN/ZrN, 
MoN/CrN on various types of substrates. To improve the performance properties 
of mechanical engineering and cutting tools and increase their resistance to 
corrosion promising is the use of methods and reactive magnetron sputtering 
vacuum arc coating on the surface of products to create a thin surface layers and 
multilayer. 
Investigated in [6] multilayer coating of Ti/TiN, Zr/ZrN and TiN/ZrN, 
obtained by reactive magnetron sputtering showed preferred orientation (111), 
which contributes to better mechanical properties. The value for hardness 
[Ti/TiN]20 і [Zr/ZrN]12 multyshariv 29% and 31% more than from mixtures of TiN 
and ZrN, applied to one layer, respectively. The value for hardness [TiN/ZrN]8 
multilayer 33% and 40% greater than that of TiN and ZrN mixtures for single-layer 
films, respectively. The hardness of these multilayer films varied from 19 ± 1 to 30 
± 1 GPa. And increases with the number multilayer (fig. 1).  
 
 
Fig 1 - Friction coefﬁcient curves versus load for the multilayers coatings: (a) 
[Ti/TiN]20, (b) [Zr/ZrN]12 and (c) [TiN/ZrN]8 [6] 
 
The system MoN/CrN recently considered one of the most promising 
multilayer systems. Shown experimentally that important properties for a coating 
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pressure of the atmosphere during the deposition. It significantly affects the phase-
structural condition of coatings. Lowering the pressure leads to a lack of nitrogen 
in the coating, accompanied by unstable phase-structural condition coverage and a 
sharp fall in its hardness. Increasing the thickness of the layers to 100 nm and more 
increases the hardness and adhesion strength of the coatings of the system  
MoN/CrN [4].  
Therefore, a more detailed study of these systems TiN/ZrN and MoN/CrN, 
a single, multi-layer films and coatings, and multilayers is to present relevant, 
because the coating reduces the value of contact stresses on the surface of the 
instrument and provides a high mechanical properties, high wear resistance and 
corrosion resistance. 
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Для досягнення високої зносостійкості та твердості деталей машин 
застосовують борирування, якому піддають будь-які марки залізовуглецевих 
сплавів. Це один із найперспективніших методів обробки поверхні металів та 
